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METHOD AND COMPOSITION FOR PLASMA ETCHING OF A 
SELF-ALIGNED CONTACT OPENING 

FIELD OF THE INVENTION 

The present invention relates to a process for etching a self-aligned 
contact opening in a semiconductor device, and more particularly, to a method of 
plasma etching to prevent build up of undesirable polymers during contact 
formation. The invention also relates to a composition useful in the method of 
plasma etching described herein, as well as to the semiconductor structures 
formed thereby. 

BACKGROUND OF THE INVENTION 

In the formation of contact openings or vias in semiconductor devices 
used to provide metal-to-metal or conductive layer-to-conductive layer contacts, 
it is often necessary to etch through one or more layers of insulative material 
formed over a substrate. Figure 1 shows a cross section of a portion of a 
semiconductor device 10 in an intermediate stage of fabrication. The integrated 
circuit wafer section 10 has a substrate 12. The substrate is formed of a 
semiconductor material, for example silicon, or a semiconductor material over an 
insulator, for example silicon-on-insulator (SOI). Field oxide regions 13, 
transistor gate stacks 15, side wall spacers 17 protecting the gate stacks, and 
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doped regions 19 are formed over the substrate. A layer of insulating material 
21, which is usually a type of glass oxide available in the art, for example, Boro- 
Phospho-Silicate Glass (BPSG), or silicon oxide material such as silicon dioxide 
or Tetraethylorthosilicate (TEOS) is formed over the substrate 12. The layer of 
insulating material 21 may, in actuality, be formed as one or more layers of 
insulating material of, for example, BPSG, TEOS or silicon dioxide. The 
insulating layer 21 may be anywhere from a few hundred Angstroms to several 
thousand Angstroms in thickness. Formed over the insulative layer is a 
photoresist masking layer 23 using available photoresist materials. The 
photoresist layer 23 has a patterned opening 25 corresponding to the outline 
represented by the dotted lines shown in Figure 1. The patterned opening forms 
the outline of a self-aligned contact (SAC) opening which is thereafter created. 
The SAC opening will provide access to the substrate 12 through the insulative 
layer 21. 

Referring to Figure 2, a plasma etch is then conducted to form the 
SAC opening 27, using the patterned opening 25 of the photoresist masking 
layer 23 as a guide. The patterned opening 25 generally follows the outline of 
the sides of the spacers 17 to align the etch for the contact opening. During the 
etching process, one or one fluorocarbons are introduced into a chamber 
containing the semiconductor device 10. Under suitable conditions ionic and 
neutral etchants are then formed to etch the insulative layer 21 so as to form the 
opening 27. Unfortunately, under prevailing conditions the reaction of these 
etchants and other species with the insulative material of layer 21 produces a 
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polymer layer 29 on the bottom and side wall spacers of opening 27 as a reaction 
product, A thin accumulation of polymer layer 29 along the sides of the side wall 
spacers 17 may be desirable to prevent subsequent erosion of the spacers. 
However, a build up of polymer layer 29 at the bottom of the SAC opening 27 
can cause an undesirable phenomenon known as "etch stop", in which further 
etching through the insulative layer 21 to the surface of the substrate 12 is 
prevented by this polymer layer build up 29. In effect, the etch stop polymer 
layer 29 formed from the insulative layer can significantly inhibit suitable 
formation of the contact opening 27. 

Attempts have been made to prevent etch stop during contact opening 
formation. For example, it is known to add oxygen (0 2 ) to the mixture of 
fluorocarbon gases which are introduced into the reaction chamber. As a result, 
the etch rate of insulative material, e.g. oxide, has been shown to increase. The 
addition of oxygen appears to be accompanied by an increase in the density of the 
fluorine atoms in the etchant discharge. However, the use of too much oxygen 
may undesirably dilute the fluorine concentration, and thereby decrease the etch 
rate. Oxygen may also be utilized to clean polymer debris from the bottom of 
the contact opening after exposure to the fluorine-based etchant plasma. 
Nitrogen (N 2 ) has also been utilized for cleaning residual debris after the etching 
process. 

What is now needed in the art is a new method of forming a self- 
aligned contact opening in a semiconductor structure which can substantially 
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eliminate etch stop problems. Also needed is a new composition which can be 
utilized in conjunction therewith. 



SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention a method is provided 
for forming an opening in an insulative layer formed over a substrate in a 
semiconductor device in which the insulative layer is etched with ammonia and at 
least one fluorocarbon. The process parameters hereinafter described will 
substantially reduce or eliminate the formation of an "etch stop". 

Also in another aspect the invention provides a composition suitable 
for use in etching an insulative layer formed over a substrate in a semiconductor 
device. The composition comprises a gaseous mixture of at least one 
fluorocarbon and ammonia. 

In another aspect the invention provides a process of forming an 
opening in an insulative layer formed over a substrate in a semiconductor device. 
A patterned photoresist mask layer is first formed over the insulative layer. A self- 
aligned contact opening is then etched in the insulative layer through an opening 
in the patterned resist layer. The opening is etched through to the substrate 
using a combination of ammonia and at least one fluorocarbon. 
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In another aspect the invention provides a method of preventing etch 
stop during etching of a semiconductor device which comprises adding ammonia 
to at least one fluorocarbon which is utilized for the etching. 

In another aspect the invention provides a method of preserving a side 
wall spacer surrounding a gate stack during a self- aligned contact etch. The side 
wall spacer is contacted with a combination of at least one fluorocarbon and 
ammonia so as to form a protective layer thereover. The protective layer prevents 
erosion of the spacer as the contact opening is formed through to the substrate 
upon which the gate stack has been formed. 

In another aspect the invention provides a method of forming a 
conductive plug inside a contact opening in an insulative layer between adjacent 
gate stacks formed over a substrate in a semiconductor device. The insulative 
layer is contacted with a plasma etchant mixture containing ammonia and at least 
one fluorocarbon at a pedestal temperature within the range of about -50 to 
about 80 degrees Celsius so as to form a self-aligned contact opening in the 
insulative layer between the gate stacks without an etch stop. The contacting 
further forms a protective or passivating (nitrogen containing) layer over opposed 
side wall spacers which have been formed at the gate stacks. A conductive plug is 
then deposited inside the opening such that the plug is separated from the side 
wall spacers by the protective layer. 
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These and other ackantages and features of the present invention will 
become more readily apparent from the following detailed description and 
drawings which illustrate various exemplary embodiments. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross sectional view of a semiconductor device in an 
intermediate stage of fabrication. 

Figure 2 is a cross sectional view of the device shown in Figure 1 in a 
further stage of fabrication. 

Figure 3 is a cross sectional view of a semiconductor device which 
utilizes the method and composition of the invention. 

Figure 4 is a cross sectional view of a semiconductor device according 
to a further embodiment of the invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Reference herein shall be made to the term "substrate," which is to be 
understood as including silicon, a silicon-on-insulator (SOI) or silicon-on- 
sapphire (SOS) structures, doped and undoped semiconductors, epitaxial layers 
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of silicon supported by a base semiconductor foundation, and other 
semiconductor structures. In addition, when reference is made to a "substrate" 
in the following description, previous process steps may have been utilized to 
form arrays, regions or junctions in or over the base semiconductor structure or 
foundation. In addition, the semiconductor need not be silicon- based, but could 
be based on silicon- germanium, germanium, indium phosphide, or gallium 
arsenide. The term "substrate" as used herein may also refer to any type of 
generic base or foundation structure. 

Referring again to the drawings, Figure 3 illustrates the method of the 
invention which mitigates etch stop problems. According to one embodiment, 
there is provided a method of forming a contact opening using at least one 
fluorocarbon. It is desirable that the contact opening be a self-aligned contact 
(SAC) opening, that is, an opening which is self-aligned between two successive 
gate stack structures. Preferably, at least two or more fluorocarbons are utilized, 
and in some embodiments at least three or more may be used as part of the 
invention. The fluorocarbon(s) may be chosen from those available in the art for 
plasma etching. Suitable fluorocarbons therefore include at least one member 
selected from the group consisting of fluorinated carbons, fluorohydrocarbons, 
chlorofluorocarbons and chlorofluorohydrocarbons. Non-limiting examples 
include such compounds as C 4 F 8 , C 4 F 6 , C 5 F 8 , CF 4 , C 2 F 6 , C 3 F 8 , CHF 3 , and 
CH 2 F 2 , and the like. Preferably, one or more of the compounds CF 4 , CHF 3 , and 
CH 2 F 2 are utilized. 
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The fluorocarbon(s) are introduced with ammonia (NH 3 ) in a reaction 
chamber 30 together with the portion of the semiconductor device shown in 
Figure 3. The chamber may be any suitable reaction vessel available for plasma 
etching. The ammonia may be obtained from any suitable source. It has now 
been shown that the combination of at least one fluorocarbon, together with 
ammonia, is not only effective in forming the contact opening 27 shown in 
Figure 3, but is also effective in mitigating against etch stop, i.e. the problem 
illustrated in Figure 2. 

The fluorocarbon(s) and ammonia are introduced into a suitable 
reaction chamber along with the semiconductor device. The reaction chamber 
pedestal may be set at an operating temperature within the range of about -50 to 
about 80 degrees Celsius, with about 0 to about 80 degrees Celsius being 
preferred. Operating pressure is typically within the range of about 30 to about 
60 milliTorrs, with about 40 to about 50 milliTorrs being more preferred, and 
about 45 milliTorrs being particularly desirable. About 600 watts of power is 
typically applied to the reaction chamber, but the wattage can vary within a range 
of about 500 to about 1500 watts. 

The fluorocarbon(s) and ammonia are introduced into the reaction 

chamber at a flow rate which will both allow formation of the self-aligned contact 

(SAC) opening 27 and prevent or reduce etch stop problems. In some 

embodiments, elimination or reduction of the etch stop problem may be 

quantifiable by the reduction in time it takes to complete formation of the 

opening, for example. The flow rates may vary slightly, but a ratio of the flow 

8 
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rate for each fluorocarbon to the flow rate of ammonia should typically be within 
the range of about 2:1 to about 40:1 (with flow rate being measured as 
sec/minute or seem). It is preferred that the flow rate ratio not be less than 
about 3:1. More preferably, the flow rate ratio should be within the range of 
about 3:1 to about 20:1, and even more preferably about 4:1 to about 10:1. 

Actual flow rates for each of the individual fluorocarbon(s) utilized to 
form the SAC opening 27 will usually be within the range of about 10 to about 
50 seem, with about 10 to about 40 seem being preferred. The flow rate will 
vary according to the particular fluorocarbon being utilized, and different 
fluorocarbons may have different flow rates. For example, when CF 4 is utilized, a 
flow rate of about 15 to about 20 seem is preferred, with about 16 to about 18 
seem being more preferred. When CHF 3 is utilized, a flow rate of about 35 to 
about 45 seem may be preferred, with about 37 to 42 seem being even more 
preferred. When CH 2 F 2 forms part of the etchant plasma, a flow rate of about 10 
to about 15 seem is preferred, with about 11 to about 14 seem being more 
preferred. In some embodiments of the invention, it may be desirable to utilize 
at least two of the foregoing fluorocarbons, and preferably all three at the flow 
rates already set forth. 

The flow rate for the ammonia will usually be at least about 2 seem, 

and should normally not exceed about 6 seem. An upper limit flow rate of about 

5 seem is generally preferred. A flow rate range for the ammonia of about 2 seem 

to about 4 seem is especially desirable. The flow rates of both ammonia and the 

fluorocarbon(s) may be adjusted so as to yield the flow rate ratios previously 

9 
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described. An ammonia flow rate above about 8 seem is generally not preferred 
because at this rate the resultant reactant mixture can sometimes cause loss of 
selectivity to the gate stack and/or spacer, and may also result in the etched 
opening not being self- aligned to the gate stacks and/or the side wall spacers. 

One or more of the fluorocarbons and the ammonia may be 
introduced into the reaction chamber substantially simultaneously, or 
successively. The order of introduction should be consistent with the invention's 
goals of eliminating etch stop, while providing a SAC opening 27 to the substrate 
12 in the device 10. 

Other etchant gases which may be introduced into the reaction 
chamber together with the foregoing ammonia and fluorocarbon(s) can include 
oxygen, nitrogen and other compounds which are generally available in plasma 
etching. 

After the etching process is complete such that the self- aligned contact 
opening 27 is formed, then the photoresist mask layer may be removed using 
available methods. 

As a result of the invention, the device shown in Figure 3 has a self- 
aligned contact opening 27 that is formed without etch stop problems. 
Moreover, the reactant mixture of fluorocarbon(s) and ammonia produces a thin 
protective layer 35 along the sides of the contact opening 27 defined by the sides 
of the insulative layer and the side wall spacers 17. The protective layer 35 is a 

polymeric material formed as a result of the reaction between the reactant 

10 
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mixture and the insulative layer and the side wall spacers, respectively. Formation 
of this protective layer 35 helps to prevent erosion and destruction of the side 
wall spacers during the etching process and thereafter, and is therefore desirable. 
The protective layer 35 is typically on the order of just a few Angstroms in 
thickness, e.g. about 5-50 Angstroms. 

In contrast to the side wall spacers, substantially no layer is formed at 
the bottom of the opening 27. Without being bound by any particular theory, it 
appears that any de minimis layer of residue that may be formed is rather quickly 
eliminated as a result of continuous contact with the reactant mixture of the 
invention. Perhaps this is due at least in part to the differing chemical 
components which make up the insulative layer, in contrast to the side wall 
spacers upon the protective layer 35 is formed. 

A further embodiment of the invention is shown now with reference to 
Figure 4. A conductive plug 37 may be formed in the contact opening 27 after 
completion of the etching process. The conductive plug may be formed using a 
conductive metal such as tungsten, for example, using tungsten hexafluoride 
(WF 6 ) and silane (SiH 4 ) using available deposition techniques. Formation of the 
conductive plug may be proceeded by titanium deposition and annealing to coat 
the inside of the contact opening 27 in which the plug is formed. Titanium 
deposition will form a thin contact layer 39, e.g. about 5-50 Angstroms, over 
the active region 19 of the substrate 12. This contact layer will in turn act as a 
protective barrier to prevent free fluorine and tungsten atoms from penetrating 
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into the substrate 12 at the active region site 19 during formation of the 
conductive plug 37. 

After deposition of the conductive plug 37, the top of the plug may be 
co-planarized with the top of the insulative layer 21 using chemical mechanical 
planarization (CMP) techniques, if desired. An optional conductive metal runner 
can also be provided over the plug 37 using available materials, e.g. aluminum, 
and methods (not shown in Figure 4). As a result of the method and 
composition of the invention using the reactant mixture to etch the contact 
opening 27, the conductive plug 37 adheres more effectively inside the contact 
opening 27. In particular, the protective layer 35 prevents erosion of the side 
wall spacers 17 which could materially detract from the performance of the plug 
37 and the gate stacks 15. 

The following examples illustrate certain preferred embodiments of the 
invention, but should not be construed as limiting the scope thereof. 

EXAMPLE 1 

In this example, a self-aligned contact opening was formed in the 
device illustrated in Figure 3. Plasma etching was conducted in a reaction 
chamber set at 600 watts, 45 milliTorr operating pressure, and 40 Gauss. 
Operating temperature was in the range of 0 to 50 degrees C. The following 
fluorocarbons were introduced into the reaction chamber together with 
ammonia, at the following flow rates: 



12 
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CF 4 18 seem 

CHF 3 40 seem 

CH 2 F 2 13 secern 

NH 3 4 seem 

Under the foregoing conditions, a self-aligned contact opening was 
formed in the device shown in Figure 3 without etch stop. 



EXAMPLE 2 

In this example, the same operating parameters and reaction 
conditions were utilized as set forth in Example 1, except that the flow rate of 
ammonia (NH 3 ) was 2 seem. Under these conditions, a suitable self-aligned 
contact opening was also formed without etch stop. 



EXAMPLE 3 (COMPARATIVE EXAMPLE) 

In this example , the same operating parameters and reaction 
conditions were utilized as set forth in Example 1, except that the flow rate of 
ammonia (NH 3 ) was 8 seem. Under these conditions, loss of etch selectivity to 
gate stack and sidewall spacer was observed. 



EXAMPLE 4 (COMPARATIVE EXAMPLE) 

13 
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In this example, the same operating parameters and reaction 
conditions were utilized as set forth in Example 1, except that the flow rate of 
ammonia (NH 3 ) was 0 seem. Under these conditions, etch stop was observed. 



5 The foregoing description is illustrative of exemplary embodiments 

which achieve the objects, features and advantages of the present invention. It 
should be apparent that many changes, modifications, substitutions may be made 
to the described embodiments without departing from the spirit or scope of the 
invention. The invention is not to be considered as limited by the foregoing 
10 description or embodiments, but is only limited by the construed scope of the 

appended claims. 

What is claimed as new and desired to be protected by Letters Patent 
of the United States is: 
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